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heat of dissociation 



heat thunderstorm 913 



an infinitesimal amount of solvent is added to a solution at 

constant pressure. Also known as differential heat of dilution 

( 'hetavda'tu'Shan J 
heat of dissociation [physchem] The increase in enthalpy 

at constant pressure, when molecules break apart or valence 

linkages rupture, ( 'het av di.so-sS'a-shan ) 
heat of emission [electr] Additional heat energy that must 

be supplied to an electron-emitting surface to maintain it at a 

constant temperature. { 'het av j'mish-an } 
heat of evaporation See heat of vaporization. ( 'het av i,vap- 

o'rS-shan ) 

heat of formation [phys chem] The increase in enthalpy 
resulting from the formation of 1 mole of a substance from its 
elements at constant pressure. { 'het av for'ma-shan } 

heat of fusion [thermo] The increase in enthalpy accom- 
panying the conversion of 1 mole, or a unit mass, of a solid to 
a liquid at i ts melting point at constant pressure and temperature. 
Also known as latent heat of fusion. { 'het av 'fytl-zhan ) 

heat of hydration [phys chem] The increase in enthalpy 
accompanying the formation of 1 mole of a hydrate from the 

. anhydrous form of the compound and from water at constant 
pressure. ( 'het av hl'drS-shan } 

heat of ionization [phys chem] The increase in enthalpy 
when 1 mole of a substance is completely ionized at constant 
pressure, ( 'het av J-an-a'za-shan ) 

heat of linkage [phys chem] The bond energy of a particular 
type of valence linkage between atoms in a molecule, as deter- 
mined by the energy required to dissociate all bonds of the type 
in 1 mole of the compound divided by the number of such bonds 
in a compound. ( 'het av 'lirjk-ij J 

heat Of mixing [thermo] The difference between the en- 
thalpy of a mixture and the sum of the enthalpies of its compo- 
ie pressure and temperature, ( 'het av 'mik- 



Sffl ) 

heat of reaction [physchem] 1 . The negative of the change 
in enthalpy accompanying a chemical reaction at constant pres- 
sure, 2. The negative of the change in internal energy accom- 
panying a chemical reaction at constant volume. ( 'hetavre'ak- 
Shan J 

heat of solidification [thermo] The increase in enthalpy 
when 1 mole of a solid is formed from a liquid or, less com- 
monly, a gas at constant pressure and temperature. { 'het av 
so.Bd-a-fa'ka-sbao } 

heat of solution [phys chem] The enthalpy of a solution 
minus the sum of the enthalpies of its components. Also known 
as integral heat of solution; total heat of solution. [ 'hat av 
sa'lii-shan ) 

heat Of sublimation [thermo] The increase in enthalpy ac- 
companying the conversion of 1 mole, or unit mass, of a solid 
to a vapor at constant pressure and temperature. Also known 
as latent heat of sublimation. ( 'het av ,saMa'm5-shan ) 

heat of transformation [thermo] The increase in enthalpy 
of 'a substance when it undergoes some phase change at constant 
pressure and temperature. ( 'het av .tranz-far'ma-shan ) 

heat of vaporization [thermo] The quantity of energy re- 
quired to evaporate 1 mole, or a unit mass, of a liquid, at constant 
pressure and temperature. Also known as enthalpy of vapori- 
zation; heat of evaporation; latent heat of vaporization. ( 'het 
av ,v5-p3Ta'za'shan } 

heatofwettlng [thermo] 1. The heat of adsorption of water 
onasu nance. 2. The additional heat required, above the heat 
of vaporization of free water, to evaporate water from a sub- 
stance in which it has been absorbed. ( 'het av 'wed-in ) 

neat pipe [eng] A heat-transfer device consisting of a sealed 
roetai tube with an inner lining of wicklike capillary material 
■""d a small amount of fluid in a partial vacuum; heat is absorbed 
at one end by vaporization of the fluid and is released at the 
other end by condensation of the vapor, f 'het ,pip ) 

™ a t pump [mech eng] A device which transfers heat from 
* cooler reservoir to a hotter one, expending mechanical energy 
m the process, especially when the main purpose is to heat the 
. hot reservoir rather than refrigerate the cold one. ( 'het 
.paiap) 

n "»at quantity [thermo] A measured amount of heat; units 
* *"? * 5 small calorie, normal calorie, mean calorie, and large 
calorie, { 'het JkwHn-ad-e ) 

neat radiation [thermo] The energy radiated by solids, liq- 
U1 ds, and gases in the form of electromagnetic waves as a result 



Also known as thermal radiation, ['het 
,rSd-£'S-sh8n ) 

heat rash See miliaria, ( 'het ,rash ) 
heat rate [mech eng] An expression of the conversion effi- 
ciency of a thermal power plant or engine, as heat input per unit 
of work output; for example, Btu/kVVh, { 'het ,rSt J 
heat reactor [nucleo] A nuclear reactor designed primarily 
to supply heat for industrial purposes. ) 'het re'ak-tar ) 
heat release [thermo] The quantity of heat released by a 
furnace or other heating mechanism per second, divided by its 
volume, ( 'hetri.les ) 

i See thermal resistance. ( 'hetri.zis'tans ) 
alloy [met] An oxidation-resistant alloy, 
•tant 'al,6i ) 

int glass [mater] Glass, such as borosilicate 
glass, that is heat-treated or leached to remove alkali so that it 
withstands high heat and sudden cooling without shattering, 
f 'hetri.zis-tant 'glas ) 

heat run [elec] A series of temperature measurements made 
on an electric device during operating tests under various con- 



{ 'het ,rs 



heat sea I [eng] A union between two thermoplastic surfaces 
by application of heat and pressure to the joint. ( 'her ,sel } 
heatseeker [ord] A guided missile incorporating an infrared 
device for homing on heat-radiating machines or installations, 
such as an aircraft engine or a blast furnace. ( 'het ,s€k-ar } 
heat set [text] A process to fix or set a crimp or texture in 
yarn by use of heat. ( 'het ,set } 

heat shield [mater] Any protective layer that gives protec- 
tion from heat; used on the front of a reentry capsule. { 'het 
,sheid ) 

heat shock protein [mol bio] Any of a group of proteins 
that are synthesized in the cytoplasm of cells as part of the heat 
shock response and act to protect the chromosomes from dam- 
age. ( \m ,shak 'prS.ten | 

heat shock response [mol bio] A cellular reaction to a 
stimulus such as elevated temperatures or abrupt environmental 
changes, in which there is cessation or slowdown of normal 
protein synthesis and activation of previously inactive genes, 
resulting in the production of heat shock proteins. ( 'het ,shak 

heat-shrlnkable tubing [mater] A type of plastic tubing 
that can be heated and shrink-fitted ove lin i he 
objects of varying sizes and shapes, for insulating and other 
purposes, ( 'het jshrirjk-a-bal 'tub-in ) 
heat shunt [met] A heatsink placed in contact with the lead 
of a delicate component to prevent overheating during solder- 
ing, { 'hit ,sirant ) 

heatsink [aero eng] 1 . A type of protective device capable 
of absorbing heat and used as a heat shield. 2. In nuclear 
propulsion, any thermodynamic device, such as a radiator or 
condenser, that is designed to absorb the excess heat energy of 
the working fluid. Also known as heat dump, [elec] Amass 
of metal that is added to a device for the purpose of absorbing 
and dissipating heat; used with power transistors and many types 
of metallic rectifiers. Also known as dissipator. [thermo] 
Any (gas, solid, or liquid) region where heat is absorbed. 
{ 'het.sirjk ) 

heatsink cooling [eng] Cooling a body or system by allow- 
ing heat to be absorbed from it by another body, ( 'hgt.sirjk 
Ikulirj ) 

heat source [thermo] Any device or natural body that sup- 
plies heat. | 'het ,s6rs ) 

heat sterilization [end] An act of destroying all forms of life 
on and in bacteriological media, foods, hospital supplies, and 
other materials by means of moist or dry heat, j 'het ,stera- 

heat storage [oceanogr] The tendency of the ocean to act 
as a heat reservoir; results in smaller daily and annual variations 
in temperature over the sea. ( 'het ,st6rij ) 

heat stress Index [physio] Relation of the amount of evap- 
oration or perspiration required for particular job conditions as 
related to the maximum evaporative capacity of an average 
person. Abbreviated HSI. ( 'het ,stres |in,deks ) 

heatstroke [med] A heat-exposuxe syndrome characterized 
by hyperpyrexia and prostration due to diminution or cessation 
of sweating, occurring most commonly in persons with under- 
lying disease, ( 'het.stxfik j 

heat thunderstorm [meteorol] In popular terminology, a 
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Heat pipe 

From Wikipedia, the free encyclopedia 

A heat pipe or heat pin is a heat-transfer device that 
combines the principles of both thermal conductivity and 
phase transition to efficiently manage the transfer of heat 
between two solid interfaces. 

At the hot interface within a heat pipe, which is typically at 
a very low pressure, a liquid in contact with a thermally 
conductive solid surface turns into a vapor by absorbing heat 
from that surface. The vapor condenses back into a liquid at 
the cold interface, releasing the latent heat. The liquid then 
returns to the hot interface through either capillary action or A laptop heat pipe system 
gravity action where it evaporates once more and repeats the 

cycle. In addition, the internal pressure of the heat pipe can be set or adjusted to facilitate the phase 
change depending on the demands of the working conditions of the thermally managed system. 




Contents 
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Structure, design and construction 

A typical heat pipe consists of a sealed pipe or tube made of a material with high thermal conductivity 
such as copper or aluminium at both hot and cold ends. A vacuum pump is used to remove all air from 
the empty heat pipe, and then the pipe is filled with a fraction of a percent by volume of working fluid 
(or coolant) chosen to match the operating temperature. Examples of such fluids include water, ethanol, 
acetone, sodium, or mercury. Due to the partial vacuum that is near or below the vapor pressure of the 
fluid, some of the fluid will be in the liquid phase and some will be in the gas phase. The use of a 
vacuum eliminates the need for the working gas to diffuse through any other gas and so the bulk transfer 
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of the vapor to the cold end of the heat pipe is at the speed 
of the moving molecules. In this sense, the only practical 
limit to the rate of heat transfer is the speed with which the 
gas can be condensed to a liquid at the cold endP^ 

Inside the pipe's walls, an optional wick structure exerts a 
capillary pressure on the liquid phase of the working fluid. 
This is typically a sintered metal powder or a series of 
grooves parallel to the pipe axis, but it may be any material 
capable of exerting capillary pressure on the condensed 
liquid to wick it back to the heated end. The heat pipe may 
not need a wick structure if gravity or some other source of 
acceleration is sufficient to overcome surface tension and 
cause the condensed liquid to flow back to the heated end. 

[citation needed] 




Diagram showing components and 
mechanism for a heat pipe containing a 
wick 



A heat pipe is not a thermosiphon, because there is no 
siphon. Thermosiphons transfer heat by single-phase 
convection. (See also: Perkins tube, after Jacob Perkins.) 

Heat pipes contain no mechanical moving parts and 
typically require no maintenance, though non-condensing 
gases (that diffuse through the pipe's walls, result from 
breakdown of the working fluid, or exist as impurities in the 
materials) may eventually reduce the pipe's effectiveness at 
transferring heat. This is significant when the working 
fluid's vapour pressure is low. 1 '" 0 '"" 1 " eede< ^ 

The materials chosen depend on the temperature conditions 
in which the heat pipe must operate, with coolants ranging 
from liquid helium for extremely low temperature 
applications (2-4 K) to mercury (523-923 K) & sodium 
(873-1473 K) and even indium (2000-3000 K) for 
extremely high temperatures. The vast majority of heat pipes 
for low temperature applications use some combination of 
ammonia (213- 373 K), alcohol (methanol (283-403 K) or 
ethanol (273^103 K)) or water (303-473 K) as working 
fluid. Since the heat pipe contains a vacuum, the working 
fluid will boil and hence take up latent heat at well below its 
boiling point at atmospheric pressure. Water, for instance, 
will boil at just above 273 K (0 degrees Celsius) and so can 
start to effectively transfer latent heat at this low 
temperature. 



[citation needed] 




Cut-away view of a 500 \xm thick flat heat 
pipe, with a thin planar capillary (aqua 
colored) 




Thin flat heat pipe (heat spreader) with 
remote heat sink and fan 



The advantage of heat pipes over many other heat- 
dissipation mechanisms is their great efficiency in 
transferring heat. They are a fundamentally better heat 

conductor than an equivalent cross-section of solid copper (a heat sink alone, though simpler in c 
and construction, does not take advantage of tire principle of matter phase transition). Some heat pipes 
have demonstrated a heat flux of more than 230 MW/'m 2 , nearly four times the heat flux at the surface of 
the sunJ 2 - 1 
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Active control of heat flux can be effected by adding a variable volume liquid reservoir to the evaporator 
section. Variable conductance heat pipes employ a large reservoir of inert immiscible gas attached to the 
condensing section. Varying the gas reservoir pressure changes the volume of gas charged to the 
condenser which in turn limits the area available for vapor condensation. Thus a wider range of heat 
fluxes and temperature gradients can be accommodated with a single design. 

A modified heat pipe with a reservoir having no capillary connection to the heat pipe wick at the 
evaporator end can also be used as a thermal diode. This heat pipe will transfer heat in one direction, 
acting as an insulator in the other. [citation needed] 

Vapor Chamber or Flat heat pipes 

Thin planar heat pipes (heat spreaders) have the same primary components as tubular heat pipes. These 
components are a hermetically sealed hollow vessel, a working fluid, and a closed-loop capillary 
recirculation system. 

Compared to a one-dimensional tubular heat pipe, the width of a two-dimensional heat pipe allows an 
adequate cross section for heat flow even with a very thin device. These thin planar heat pipes are 
finding their way into "height sensitive" applications, such as notebook computers, and surface mount 
circuit board cores. It is possible to produce flat heat pipes as thin as 0.5 mm (thinner than a credit card). 

[citation nceded\ 



Heat transfer 

Heat pipes employ evaporative cooling to transfer thennal 
energy from one point to another by the evaporation and 
condensation of a working fluid or coolant. Heat pipes rely on a 
temperature difference between the ends of the pipe, and cannot 
lower temperatures at either end beyond the ambient temperature 
(hence they tend to equalise the temperature within the pipe). 

When one end of the heat pipe is heated the working fluid inside 
the pipe at that end evaporates and increases the vapour pressure 
inside the cavity of the heat pipe. The latent heat of evaporation 
absorbed by the vaporisation of the working fluid reduces the 
temperature at the hot end of the pipe. 

The vapour pressure over the hot liquid working fluid at the hot 
end of the pipe is higher than the equilibrium vapour pressure 
over condensing working fluid at the cooler end of the pipe, and 
this pressure difference drives a rapid mass transfer to the 
condensing end where the excess vapour condenses, releases its 
latent heat, and warms the cool end of the pipe. Non-condensing 

gases (caused by contamination for instance) in the vapour impede the gas flow and reduce the 
effectiveness of the heat pipe, particularly at low temperatures, where vapour pressures are low. The 
velocity of molecules in a gas is approximately the speed of sound and in the absence of non condensing 
gases, this is the upper velocity with which they could travel in the heat pipe. In practice, the speed of 
the vapour through the heat pipe is dependent on the rate of condensation at the cold end. Lc! ' fl "°" needed] 




A heat sink (aluminium) with heat 
pipe (copper) 
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The condensed working fluid then flows back to the hot end of the pipe. In the case of vertically- 
oriented heat pipes the fluid may be moved by the force of gravity, In the case of heat pipes containing 
wicks, the fluid is returned by capillary action. 

When making heat pipes, there is no need to create a vacuum in the pipe. One simply boils the working 
fluid in the heat pipe until the resulting vapour has purged the non condensing gases from the pipe and 
then seals the end. 

An interesting property of heat pipes is the temperature over which they are effective. Initially, it might 
be suspected that a water charged heat pipe would only work when the hot end reached the boiling point 
(100 °C) and steam was transferred to the cold end. However, the boiling point of water is dependent on 
absolute pressure inside the pipe. In an evacuated pipe, water will boil just slightly above its melting 
point (0 °C). The heat pipe will operate, therefore, when the hot end is just slightly warmer than the 
melting point of the working fluid. Similarly, a heat pipe with water as a working fluid can work well 
above the boiling point (100 °C), if the cold end is low enough in temperature to condense the fluid. 

[citation needed] 

The main reason for the effectiveness of heat pipes is the evaporation and condensation of the working 
fluid. The heat of vaporization greatly exceeds the sensible heat capacity, Using water as an example, 
the energy needed to evaporate one gram of water is equivalent to the amount of energy needed to raise 
the temperature of that same gram of water by 540 °C (hypothetically, if the water was under extremely 
high pressure so it didn't vaporize or freeze over this temperature range), Almost all of that energy is 
rapidly transferred to the "cold" end when the fluid condenses there, making a very effective heat 
transfer system with no moving parts. [c " a '"" ! " eedeJi 

Origins and research in the United States 

The general principle of heat pipes using gravity (commonly classified as two phase thermosiphons) 
dates back to the steam age. The modern concept for a capillary driven heat pipe was first suggested by 
R.S, Gaugler of General Motors in 1942 who patented the idea. [3] The benefits of employing capillary 
action were independently developed and first demonstrated by George Grover at Los Alamos National 
Laboratory in 1963 and subsequently published in the Journal of Applied Physics in 1964. [4] Grover 
noted in his notebook: 1 -^ 

"Heat transfer via capillary movement of fluids. The "pumping" action of surface tension 
forces may be sufficient to move liquids from a cold temperature zone to a high temperature 
zone (with subsequent return in vapor form using as the driving force, the difference in 
vapor pressure at the two temperatures) to be of interest in transfen ing heat from the hot to 
the cold zone. Such a closed system, requiring no external pumps, may be of particular 
interest in space reactors in moving heat from the reactor core to a radiating system, In the 
absence of gravity, the forces must only be such as to overcome the capillary and the drag 
of the returning vapor through its channels," 

Between 1964 and 1966, RCA was the first corporation to undertake research and development of heat 
pipes for commercial applications (though their work was mostly funded by the US government). 
During the late 1960s NASA played a large role in heat pipe development by funding a significant 
amount of research on their applications and reliability in space flight following from Grover's 
suggestion. NASA's attraction to heat pipe cooling systems was understandable given their low weight, 
high heat flux, and zero power draw. Their primary interest however was based on the fact that the 
system wouldn't be adversely affected by operating in a zero gravity environment. The first application 
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Solar Basics Products Tech Info Installation Toolbox Insolation Distributors Certification 



ocation Guide. » Technical Info » Heat P 



Heat pipes might seem like a new concept, but you are probably using them everyday and don't 
even know it. Laptop computers often using small heat pipes to conduct heat away from the 
CPU, and air-conditioning system commonly use heat pipes for heat conduction. 

The principle behind heat pipe's operation is actually very simple. 



Technical Info 

Evacuated Tubes 
Heat Pipes 
Efficiency Calculations 



Heat transfer 



Career Opportunities 




www.apricus-solar.com 



( Heat absorbed 
by heat pipe 




Structure and Principle 

The heat pipe is hollow with the space inside evacuated, much the same as the solar tube. In this 
case insulation is not the goal, but rather to alter the state of the liquid inside. Inside the heat pipe 
is a small quantity of purified water and some special additives. At sea level water boils at 100°C 
(212°F), but if you climb to the top of a mountain the boiling temperature will be less that 100°C 
(212°F). This is due to the difference in air pressure. 

Based on this principle of water boiling at a lower temperature with decreased air pressure, by 
evacuating the heat pipe, we can achieve the same result. The heat pipes used in AP solar 
collectors have a boiling point of only 30°C (86°F). So when the heat pipe is heated above 30°C 
(86°F) the water vaporizes. This va pour rapidly rises to the top of the heat pipe transferring heat. 
As the heat is lost at the condenser (top), the va pour condenses to form a liquid (water) and 
returns to the bottom of the heat pipe to once again repeat the process. 



At 



com temperature the water forms a srm 
surface at room temperature. When the heat pipe 



ich ill 



http://www.apricusxoiTi/html/solar_collector_heatjipe.htm 



Appendix B 

4/14/2011 



heat pipe News and Other Resources | ZDNet Page 1 1 of 1 4 
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Dictionary 

Definition: heat pipe 

A tubular device that is very efficient in transferring heat. Using a metal container (aluminum, copper, 
etc.) that holds a liquid (water, acetone, etc.) underpressure, the inner surface of the tube is lined with 
a porous material that acts as a wick. When heat is applied to the outer area of the tube, the liquid 
inside the tube boils and vaporizes into a gas that moves through the tube seeking a cooler location 
where it condenses. Using capillary action, the wick transports the condensed liquid back to the 
evaporation area. See heat sink . 



From Computer Desktop Bicyclopedia 
©2004 The Computer Language Co. Inc. 




How It Works 

A variety of liquids and wicks are used to make a heat pipe, but the principle is the same. The liquid 
evaporates into a gas that travels to the cooler end of the pipe, condenses back into liquid and returns 
via the wick. 



http://www.zdnet.com/topics/heatipipe 
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heat pipe News and Other Resources | ZDNet Page 2 of 1 4 

evaporation area. See heat sink. 



From Computer Desktop Encyclopedia 
©2004Ths Computer language Co, Inc. 




How It Works 

A variety of liquids and wicks are used to make a heat pipe, but the principle is the same. The liquid 
evaporates into a gas that travels to the cooler end of the pipe, condenses back into liquid and returns 
via the wick. 
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A CPU Cooler 

In this high-end TNN500A computer cabinet from Zalman (www.zalmanusa.com), the heat pipe 
transfers the heat from the CPU to the wall of the case, which acts as a giant heat sink. This 
combination of heat pipe and case eliminates the need for a noisy fan. 



THIS DEFINITION IS FOR PERSONAL USE ONLY 

All other reproduction is strictly prohibited without permission from the publisher. 
© 1981-2010 The Computer Language Company Inc. All rights reserved. 
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Heat pipes contain no moving parts and require no maintenance and are cornDie-e 1 > l> - 
In theory iti (. o <=ible that ga t, ma\ *r pre 
this effeciveness. 



is their great efficiency in transferring i 



it. They are actually a 
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i Mechanism 

. Heat pipes use evaporation and condensation to move heat quickly from one place to anc 
typical heat pipe is a sealed tube containing a liquid and a wick. The wick extends from or 
of the tube to the other and is made of a material that attracts the liquid— the liquid 'wets" 
wick. The liquid is called the "working fluid" and is chosen so that it tends to be a liquid th( 
temperature of the colder end of the pipe and tends to be a gas at the temperature of the 
end of the pipe. Air is removed from the pipe so the only gas it contains is the gaseous foi 
the working fluid. 

The pipe functions by evaporating the liquid working fluid into gas at its hotter end and alii 
that gaseous working fluid to condense back into a liquid at its colder end. Since it takes t 
energy to convert a liquid to a gas, heat Is absorbed at the hotter end. And because a gas 
up thermal energy when it converts from a gas to a liquid, heat i 

After a brief start-up period, the heat pipe functions smoothly as 
working fluid cycles around the pipe, evaporating from the wick at the he 
traveling as a gas to the cold end of the pipe, condensing on the wick, and then traveling as 
liquid to the hot end of the pipe. 



Casing 




Heat pipe thermel cycle 

1) Working fluid evaporates to vapour absorbing thermal energy. 

2) Vapour migrates along cavity to lower temperature end. 

3) Vapour condenses back to fluid and is absorbed by the wick, 
releasing thermal energy 

4) Working fluid Hows back to higher temperature end. 



i The vapor pressure over the hot liquid working fluid at the hot end of the pipe is higher than the 
! vapour pressure over fluid at the cooler end of the pipe (where it condenses), and this pressure 
difference drives a rapid mass transfer to the condensing end where the excess vapour releases 
its latent heat, warming the cool end of the pipe. Non-condensing gases (caused by 
contamination for instance) in the vapour impede the gas flow, and reduce the effectiveness of 
the heat pipe, where vapor pressures are low. 

The condensed working fluid then flows back to the hot end of the pipe. In the case of vertically- 
oriented heat pipes the fluid may be moved by the force of gravity. In the case of heat pipes 
containing wicks, the fluid Is returned by capillary action. Most heatpipes used in heatsinks today 
have wicks, and are effective in vertical or horizontal orientation. 

In summary: inside a heat pipe, "hot" vapor flows in one direction, condenses to the liquid phase, 
which flows back in the other direction to evaporate again and close the cycle. 

Limitations 

When heated above a certain temperature, all of the working fluid in the heat pipe will vaporize 
and the condensation process will cease toot such 'mons the heat pipe's thermal 
conductivity Is reduced to the heat conduction properties of its solid metal casing alone. As most 
heat pipes are constructed of copper, an overheated heatpipe will generally continue to conduct 
heat at only around 1/80th of their original conductivity. 
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o Required 

■ Propulsion 
> Power 

■ Thermal control 
■> Communications 

■ Attitude control 

■ Computer(s) -- aka Command and Data Handling 

• Structure 

• Ground control (not physically part of a satellite but necessary for its operation!) 
o Optional 

m Scientific instruments 

■ Environmental Control and Life Support 

Propulsion 

o Usually s/c launched onto orbit or trajectory so that gravity everything needed to keep it 
moving 

o To change to different orbit or trajectory, must used rocekts to add another force 
o Conventional methods (propulsion 1 ) 
o Solar sails 

■ Would use large (1 sq, km.) reflective sail (made of thin plastic) 

■ Light pushes on the sail to provide necessary force to change orbit 

■ Still on the drawing board, but technologically possible! 

Power 

o Cars and aircraft generate electrical power from their engines, but s/c engine not always 
on 

o Need power for communications, computers, scientific instruments, environ, control and 

life support, thermal control, and even for propulsion (to start the rocket engine) 
o Batteries used to store electrical energy 

o Solar cells (photovoltaic cells) convert sunlight energy directly into electrical energy 

■ solar cells at best only 20% efficient (i.e., 80% of the sunlight striking the cells is 
lost as heat) 

• s/c sometimes in shadow of Earth, so must use a combination of solar arrays 
(large sets of solar cells) and rechargeable batteries 

o RTG's -- Radioisotope Thermoelectric Generators - convert heat from decaying 
radioisotope (usually plutonium) directly into electrical power -- only about 7% efficient, 
so 93% of the heat is lost (or can be used to heat a cold part of the s/c) -- RTG's used for 
s/c moving away from the Sun (Mars close enough to use solar cells, but RTG's need for 
Jupiter and beyond) 

Thermal control 

o Side of s/c facing Sun gets very hot (no breezes to cool it off) 

o Side of s/c facing away fro mSun gets very cold (no warm atmosphere around it to keep it 
warm 

o Passive control (no power) 

■ White paint or reflective coating on sunlit side 

■ Low-emission coatings on shadow side (so s/c will not radiate so much heat away 

■ Insulation blankets -- multi-layer insulation (MLI) - many layers of light-weight 
material that conducts heat very poorly 

■ Heat pipes - conduct heat from hot part(s) of satellite to cold part(s). A heat pipe 
consists of a sealed pipe (can be almost any size or length, and can go around 
corners) containing a liquied that boils at a relatively low temperature. At the hot 
end of the satellite, heat enters the heat pipe and causes the liquid at that end to 
boil (see figure). The resulting vapors expand into the pipe, carrying that heat. 
When they reach the cold end of the satellite, the vapors condense back into a 
liquid, releasing the heat, which then flows out of the pipe to warm that part of the 
satellite. Inside the pipe, a thin layer of wicking material (something absorbent 
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like a paper towel) draws the liquid back along the pipe to the beginning point, 
where the cylcle is repeated. 



Hot part of 
I satellite | wicking material 



_J Heat Out 



Heat Pipe 



Heat pipes are the most efficient way to carry heat -- they use no electrical power, 
and will operate indefinitely since there are no mechanical parts to wear out. 
o Active control (uses power) 

■ Heating coils (like in a toaster) to warm up cold parts (some propellants freeze 
easily) 

■ Use special cooling systems on hot parts 




Communications 



o Radios (several for redundancy) 

■ voice communications if humans onboard 

■ data sent back to Earth from scientific instruments 

■ instructions sent to s/c from Earth 

o Video (pictures of Earth, stars, other planets, etc.) 
o various antennas: dish, dipole, helix 



Attitude sensing and control (orientation of s/c) 
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Heat Transfer 



A heat pipe is a simple device that can quickly transfer heat from one point to another. They are 
often referred to as the "superconductors" of heat as they possess an extra ordinary lieu transfer 
capacity & rate with almost no heat loss. 

The idea of heat pipes was first suggested by 
R.S.Gaugler in 1942. However, it was not until 
1962, when G.M.Grover invented it, that its 
remarkable properties were appreciated & 
serious development began. 

It consists of a sealed aluminum or copper 
container whose inner surfaces have a capillary 
wicking material. A heat pipe is similar to a 
fhermosyphon. It differs from a thermosyphon 
by virtue of its ability to transport heat against 
gravity by an evaporation-condensation cycle 
with the help of porous capillaries that form the j 
wick, The wick provides the capillary driving 
force to return the condensate to the evaporator. The quality and type of wick usually determines 
the performance of the heat pipe, for this is the heart of the product, Different types of wicks are 
used depending on the application for which the heat pipe is being used. 




Design Considerations 

I he three basic components of a heat pipe arc: 

1. die container 

2. the working fluid 

3. the wick oi capillary ;truciui\ 



The function of the container is to isolate the working fluid from the outside environment. It has 
to therefore be leak-proof, maintain the pressure differential across its walls, and enable transfer 
of heat to take place from and into the working fluid. 
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Appendix B 
4/14/2011 



What is a Heat Pipe? 



Page 2 of 9 



Selection of the container material depends on many factors. These are as follows: 

• Compatibility (both with working fluid and external environment) 

• Strength to weight ratio 
» Therm 

• F.a f fabrication, inclu I i' 

• Porosity 

. Wettability 

Most of the above are self-explanatory A high strength to weight ratio is more important in 
spacecraft applications. The material should be non-porous to prevent the diffusion of vapor. A 
high thermal conductivity ensures minimum temperature drop between the heat source and the 



A first consideration in the identification of a suitable working fluid is the operating vapour 
temperature range. Within the approximate temperature band, several possible working fluids 
may exist, and a variety of characteristics must be examined in order to determine the most 
acceptable of these fluids for the application considered. The prime requirements are: 

• compatibility with wick and wall materials 
. good thermal stability 

• wettability of wick and wall materials 

• vapor pressure not too high or low over the operating temperature range 

• high latent heat 

• high thermal conductivity 

• low liquid and vapor 



. acceptable freezing or pour point 

The selection of the working fluid must also be based on thermodynamic considerations which 
are concerned with the various limitations to heat flow occurring within the heat pipe like, 
viscous, sonic, capillary, entrainment and nucleate boiling levels. 

In heat pipe design, a high value of surface tension is desirable in order to enable the heat pipe to 
operate against gravity and to generate a high capillary driving force. In addition to high surface 
tension, it is necessary for the working fluid to wet the wick and the container material i.e. 
contact angle should be zero or veiy small. The vapor pressure over the operating temperature 
range must be sufficiently great to avoid high vapor velocities, which tend to setup large 
temperature gradient and cause flow instabilities. 

A high latent heat of vaporization is desirable in order to transfer large amounts of heat with 
minimum fluid flow, and hence to maintain low pressure drops within the heat pipe. The thermal 
conductivity of the working fluid should preferably be high in order to minimize the radial 
temperature gradient and to reduce the possibility of nucleate boiling at the wick or wall surface. 
The resistance to fluid flow will be minimized by choosing fluids with low values of vapor and 
liquid viscosities. Tabulated below area few mediums with their useful ranges of temperature. 



MEDIUM 


MELTING 
PT. CO 


BOILING 
PT.AT 
ATM. 
PRESSURE 

CQ 


USEFUL 
RANGE 
CO 


Helium 


-271 


-261 


-271 to -269 
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Acetone 

Methanol 

Flutec PP2 

Etbanol 

Water 

Toluene 

Mercury 

Sodium 



Wick or Capillary Structure 

It is a porous structure made of materials like steel, alumunium, nickel or copper in various 
ranges of pore sizes. They are fabricated using metal foams, and more particularly felts, the latter 

squcntly used, By varying the pressure on the felt during assembly, various pore 
sizes can be produced- By incorporating removable metal mandrels, an arterial structure can also 
be molded in the felt. 

Fibrous materials, like ceramics, have also been used widely. They generally have smaller pores. 
The main disadvantage of ceramic fibres is that, they have little stiffness and usually require a 
continuos support by a metal mesh. Thus while the fibre itself may be chemically compatible 
with the working fluids, the supporting materials may cause problems. More recently, interest 
has turned to carbon fibres as a wick material. Carbon fibre filaments have many fine 
longitudinal grooves on their surface, have high capillary pressures and are chemically stable. A 
number of heat pipes that have been successfully constructed using carbon fibre wicks seem to 
show a greater heat transport capability. 

The prime purpose of the wick is to generate capillary pressure to transport the working fluid 
from the condenser lo the evaporator. Jt must also be able to djsuibute the liquid around the 
evaporator section to any area where heal is likely to be received by the heat pipe. Often these 
two functions require wicks of different forms, The selection of the wick for a heat pipe depends 
on many factors, several of which arc closely linked to the properties of the working fluid. 

The maximum capillary head generated by a wick increases with decrease in pore size. The wick 
permeability increases with increasing pore size. Another feature of the wick, which must be 
optimized, is its thickness. The heat transport capability of the heat pipe is raised by increasing 
the wick thickness. The overall thermal resistance at the evaporator also depends on die 
conductivity of the working fluid in the wick. Other necessary properties of the wick are 
compatibility with the working fluid and wettability. 



The most common types of wicks that arc used are as follows; 



This process will provide high power handling, low temperature gradients and high 
capillary forces for anti-gravity applications. The photograph shows a complex 
sintered wick with several vapor channels and small arteries to increase the liquid 
flow rate. Very tight bends in the heat pipe can be achieved with this type of structure, 
Grooved Tube 

The small capillary driving force generated by the axis p si! idequateforlow 
power heat pipes when operated horizontally, or with gravity assistance. The tube can be 
readily bent. When used in conjunction with screen mesh the performance can be 
considerably enhanced, 
Screeu Mesh 

This type of wick is used in the majority of the products and provides readily variable 
characteristics in terms of power transport and orientation sensitivity, according to the 
number of layers and mesh counts used. 

Working 

Inside the container is a liquid under its own pressure, that enters the pores of the capillary 
material, wetting all interna! suifaces. Applying heat at any point along the surface of the heat 
pipe causes the liquid at that point to boil and enter a vapor state. When that happens, the liquid 
picks up the latent heat of vaporization. The gas, which then has a higher pressure, moves inside 
the sealed container to a colder location where it condenses. Thus, the gas gives up the latent heat 
of vaporization and moves heat from the input to the output end of the heat pipe. 
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Hun pipe> have an effective thermal conduclivii r.any thousa i 1 i 

heat transfer or transport capacity of a heat pipe is specified by its " Axial Power Rating (APC)". 

l-i. the enerjn „.,. mg axially along the pipe. The larger the heat pipe diameter, greater is. the 

till 1 1 i 1 i 'I i t t 

and shape. 

Applications 

Heat pipe lias been, , aid II I 1 ' 

tli mil pi trum f temperatures encountered in heal transfer prueev,^ Heat pipes are used in 
a wide range of products like air-condm i i ti it t s t 1 i i lasisistors 
ipaeii ic. Ileal i ire also used t '* 1 1 iturc lot better 

If i I In. n nl ai n hi Hi 1 el ii inn it | tally in the 

development of space technology. We shall now discuss a brief account of the various 
applications of heat pipe technology. 

Space Technology 

The use of heat pipes has been mainly limited to this field of science until recently, due to cost 
effectiveness and complex wick construction of heat pipes. There are several applications of heat 
pipes in this field like 

• S, '1 111 

• Component cooling, lemperatam e; mica and [..dehor design in satellites 

• Other applications include moderator cooling, removal of heal from the reactor at emitter 
temperature and elimination of troublesome thermal gradients along the emitter and 
collector in spacecrafts, 



Heat pipes for Dehumidification and Air conditioning 

In an air conditioning system, the colder tie air as it passes over the cooling coil (evaporator), the 
more the moisture is cmidi.ii-.eil out The neat pipe is designed to have one section m the warns 
incomins' stream and the other in the cold outgoing stream. By transferring 1 sea! froin uk, warm 
return air to the cold supply air. tin he a pip.s cscate the double ci.hct of pre-cooling the air 
ecfore it goes tii Sim evaporator and then re-heating it immediately. 

Activated by temperature, difference and therefore consuming no esiei ay. the heat pipe, due to its 
pre-cooling effect, allows the evapora 

moisture rem i i ' 1 n nmi tern b It With 1 rrelatsxe 

humidity, indoor comfort can be achieved i I hieh results in net 

energy savings. Generally, for each 1° F rise in thermostat setting, there is a 7% savings in 
electricity cost, In addition, the pre-cooling effect of the heat pipe allows the use of a smaller 
compressor. 

Laptop Heat Pipe Solution 

Heat pipe technology originally used for space applications has been applied it to laptop 
computer cooling It is an ideal, cost effective solution. Its l, f l 

grams), small, compact profile, and its passive operation, allow it to meet the demanding 
requirements of laptops. 

For an 8 watt CPU with an environmental temperature no greater than 40 C it provides a 6.25' 
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